Introduction
High energy density rechargeable ion transfer batteries are currently under development in many laboratories. They consist of an alkali metal negative electrode, an aprotic (nonaqueous) electrolyte, and a positive insertion electrode. The merit of this concept is that the same number of cations generated at one of the electrodes is at the same time consumed at the opposite electrode. Thus, in contrast to customary batteries there is no need for comparatively large electrolyte volumes.
Due to its natural abundance, low equivalent weight, and low price, metallic magnesium might be an alternative to lithium or sodium in a future ion transfer battery [1 -4] . Unfortunately, the magnesium electrochemistry at ambient temperatures is far from being well understood, and only few compounds containing inserted magnesium ions have been mentioned in the literature [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] .
We regard V205 and other related vanadium oxides as promising electroactive materials for the positive insertion electrode of a secondary Mg-battery [3, 4] . Mg2+ ions can be inserted in the oxide chemically or electrochemically. An overall scheme for the electrochemical reaction can be written as V205 + Mg2+ +2xe-« MgxV205 .
Electrochemical tests have shown that the insertion reactions are fairly reversible. The amount of Mg2+ inserted in V205 depends on the nature of the electrolyte, on the ratio between the amounts of H20 and Mg2+ in the solution as well as on the absolute amount of H20 in the electrolyte [3] . The highest coulombic capacities ', about 200 Ah/kg, were reached on V205 (and V6013) in acetonitrile solution containing 1 M Mg(C104)2 + 1 M H20 [3, 15] . The amount of Mg2 + inserted in V205 decreases with the decreasing amount of H20 in the solution and approaches about 20 Ah/ kg in fairly dry electrolytes [3] .
In order to facilitate the Mg2+ insertion in the interlayer space of the oxide, we attempted to increase the distance between the V205 layers by introducing metal ions in the V205 lattice, forming, thus, vanadium bronzes. Indeed, several vanadium bronzes such as NaV308 and Mg(V308)2 show promising coulombic capacities of up to 110 Ah/kg in rigorously dry electrolytes [4] .
Obviously, variations in the crystal structure of the insertion materials influence their ability to accommodate Mg2+ or other metal ions. The present work attempts to determine the structures of the Mg2 +-inserted V205 as well as of the vanadium bronzes (which are both poorly crystalline).
Efforts have been made to correlate the results of the crystallographic structural analysis of the vanadium bronzes with their electrochemical behaviour, with the aim of gaining information necessary for the future design and optimisation of the synthesis of bronzes with higher coulombic capacity. [4] (H20)y (III)"
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(H20)y Table 2 ). The shift to larger 2 values in the series III -> IX -> X -* XI and the splitting (samples X and XI) of the first peak (at 2 = 11.31°in III), and the approximate conservation of the positions of the three other basic peaks are worthy of attention. The single crystal data published for NaV308(H20)15 [18] (existing in nature as the mineral barnesite) were used for the indexing of the patterns of III and IX -XI. Minor changes of the two unit cell parameters b and c, and a large successive decrease of the parameter a accompanied with a successive decrease of the unit cell volume with the increasing drying temperature (transition III -» IX -» X -> XI) were observed. (Note that a lattice constant variation within one phase was observed also for the -phase of LixV205 bronzes [19] .)
One may suggest a layered character of the crystal structure of the phases III and IX -XI, a conservation of the structure within the layers, [22] ).
Combining the electrochemical and structural results, it seems to be reasonable to suggest that the hydrated bronze, NaV308(H20)i.5, is electrochemically the most active constituent of the obtained Na-bronzes. Pronounced structural changes occur during the drying of this bronze above [24] . Table  5 with the lattice parameters of electrochemically prepared Mg0 2V205 [10] , and of MgV205 synthesised at 900°C [25] . In contrast to Mg0 2V2O5, the distribution of peak intensities in V is very similar to those observed in I, [19] .
X-ray powder diffraction patterns of the poorly crystalline samples XII and XIX essentially differ from the patterns of I and V. Some peaks on the patterns of XII and XIX, which are present also in I and V, are broadened Fig. 6 . Crystal structure of V205 [26] .
in comparison with I and V, but there are also some "new" peaks: (i) Strong and diffuse peaks at 2 = 8.77°( XII) and 9.70°( XIX) which cannot be indexed with the unit cell of I or V (the first reflection 100, which is actually absent in the measured pattern of I, has 2 = 7.67°); and (ii) new sharp peaks at 2 = 50.78°( XII) and 50.68°( XIX) which are only slightly shifted from the V205 020 peak at 2 = 51.23°in the pattern of V. Moreover, there is a hint of a small contraction of the a separation of the V205 crystalline component in the series I -* V -» XII -» XIX. A slight shortening of the a separation and a slight increase of the c separation (corresponding to the interlayer separation in the structure of V205 [26] , Fig. 6 ) is characteristic for a topotactic insertion in V205, see, e.g., the structural study of electrochemically formed Mg0.2V2O5 bronze [10] .
Besides the phase with the V205 structure, we believe that in the new phase(s) of the samples XII and XIX, a good ordering exists only in one direction, b'. The length of this axis is slightly increased in comparison with the b separation in I and V. The value of b' is 3.59 Â in XII, and 3.60 A in XIX (calculated under an assumption that the new sharp peak in patterns of XII and XIX is a 020 peak). The new phase(s) of XII and XIX are disordered in two other directions (i.e. in the a'c' planes). Note that an earlier X-ray powder diffraction study of electroformed LixV205 bronzes showed a conservation of the b separation of the V205 structure with an increased Li content parallel to more pronounced changes of the a and c separations [27] . 3.4 . Products XIII -XV of electrochemical cycling of the V2Os electrode VI A cyclic voltammogram of the V205/TC electrode VI in an acetonitrilebased electrolyte is shown in Fig. 1 . The X-ray diffraction patterns of the electrochemically cycled electrodes XIII -XV are compared with the pattern of a new electrode VI in Fig. 7 and in Table 6 (Table 7 ). This [20, 28] ). 
